Introduction
Recently the ionizing radioactive substances are frequently used on the diagnosis and therapy in the lastest medicine.
On the other hand, many investigators also make efforts with respect to the influences of these substances on bone marrow.
When they measure or estimate the dose received by human bone marrow during exposure of the individual to radiations, the interpretation of the results of such studies often requires a knowledge of the weight and distribution of bone marrow contained in each bone.
The studies on the weight and distribution of animal bone marrow have prompted numerous investigators to give the results up to now, namely N y e (1931) (1910, 1920, 1927) , Tappich (1914) , L u d w i g (1920) and Me c h a n i k (1926) measured the bone marrow spaces and weights of the limb bones, vertebral columns of newborn babies and adults, especially, the study of Me c h a n i k (1926) was the most exhaustive and voluminous.
He measured the weight of bone marrow of thirteen adults. Thus its history is older but the results of its study are fewer than animal's.
Moreover the whole results of these studies on Japanese are yet unknown, so I took up a subject of bone marrow weight of Japanese and measured the weight of bone marrow of nine corpses and examined the data from all aspects.
Further I measured the weight as a whole without distinction of the red and fat marrow in this study, that is, estimated as the weight of the whole medullary elements. The bones from each skeleton were cleaned to remove from the muscle tissue, tendon, articular cartilage and vessels and nerves entered into bone, and were weighed separately in fresh condition and recorded.
It was named "the fresh weight of bone ". Then the bone was placed in a separated glass-jar filled with water and put in an incubator at 37°C for 45-60 days without addition of chemical compounds, organisms or enzymes. The water was changed once a day for three days in order to keep away acid production during this process of maceration.
The bones were then autoclaved, washed in running water by day and night (in a few cases then the bones were kept in 30% 11202-solution for a day, so, that the dregs of bone marrow deeply remained in bone marrow space might be removed by the action of foaming), and then shaked_ off water enough, dried to constant weight in a room at 25°C for an hour.
They were then carefully cleaned with gauze to remove. all remaining substances, and the weight of each skeleton was noted.. It was named "the weight of bone tissue ". Accordingly the weight_ subtracted the weight of bone tissue from the fresh weight of bone.. gives the absolute weight of bone marrow.
The ratio of the weight of bone marrow to the fresh weight of bone and to the weight of bone tissue was separately calculated _ and examined.
Results
The fresh weight of bone must coincide with the sum of the weight of bone tissue and the weight of bone marrow.
The weights ofupper limbs (except hand bones), lower limbs (except foot bones),_ ribs, sternal bone, shoulder blades, collar bones, pelvic bones and _ vertebral columns are tabulated on the Tables 2a, 2b , 3a, 3b, 4, 5. and 6.
The weight of bone tissue are similarly listed on the Tables 7a,. 7b, 8a, 8b, 9, 10 and 11.
The skull and jaw are not weighed and in the vertebral columns. the seventh cervical vertebra, the sixth thoracal vertebra and the. fifth lumbal vertebra are picked out and weighed.
Equally the sixth rib is selected and weighed. Table 12 . The fresh weight of limb bones that in a fresh condition the bones of right lower limb were heavier than the left and in this case the excess weight on the upper limb was more conspicuous than on the lower. Matsushima (1928) using the preserved corpses reported the same data as Me c h a n i k's.
In the twelfth table my coincidental  observations  on the In the above-tabulated data I measured only the weight of humerus, ulna and radius of upper limbs and femur, tibia and fibula of lower limbs.
My data are in a contrary situation against Me c hani k's, i.e., right upper limbs and left lower limbs are heavier than that of the opposite side. In my cases, as Me c h a n i k said, the excess weight of right upper limbs may depend upon the greater mightiness of a part of skeletons of right half of the body. May it be to the farfetched opinion that the left excessiveness on lower limbs means to correct the unbalance of the upper half of body? This relation is not definite with respect to sex and age.
The right excessiveness on upper limbs is listed in percentage in the next Table 13 .
Similarly the excessiveness on the left lower limbs is tabulated (Table 14) . From the Table 13 , 14 it is shown that the excess weight of right upper limb amounts to 4.68% of the weight of all right limb bones, on left lower limb 2.58% of the weight of all left limb bones. Me c h a n i k's data. show 4.4% of right limb bone weight on upper limb, 1.8% of right limb bone weight on lower limb.
ii) The rib According to the Table 4 , the difference between each case is found, but the difference between right and left ribs is not distinct. I did not measure all of ribs and now guessed them referring to Me chani k's table 9. In figure 1 of Me c h a n i k's paper, the weights of twelve right ribs of his cases No. 4, 5, 6 are graphed.
It seems pyramidal with the apex of costa VI or VII. In the Table 15 , when the weight of costa VI is divided by the average in each case, its worth is 1.26-1.55 and its mean is 1.38. Therefore when the weight of costa VI is divided by 1.38, the mean weight of one rib in each case is shown and if it is multiplied by 12, the weight of twelve ribs of one side may be given.
I applied it to the Table 4 and its worth is shown in the following table. Table 16 . The presumptive fresh weight of ribs (gm)
iii) The vertebra I measured only vertebra cervicalis VII, vertebra thoracica VI and vertebra lumbalis V. Like the rib, I presumed the whole weight of vertebra with referring to Me c h a n i k's data. On my making out the Me c h a n i k's figure 2, the each weight tends to increase gradually from Atlas to vertebra lumbalis V. a) Vertebrae cervicales The average which I obtained by dividing the weight of vertebra cervicalis VII by the mean weight in each ease is 1.15 and then the following formula shows the whole weight of vertebrae cervicales ;
the weight of vertebra cervicalis VII x 7 1 .15
Thus they are tabulated in the Table 17 . iv) The whole weight of fresh bones On VII and IX cases, till now, the fresh weight of bone except skull, mandibula, patella, hand bones and foot bones may be presumed, that is, they are reckoned up from the Table 2a , 2b, 3a, 6, 16 and 20. And then, examining the weight of patella, hand bones and foot bones on Me c h a n i k's data, I found out that the ratio of the total weights of humerus, radius and ulna to the weight of hand bones is 3.8 : 1 and the total weights of femur, tibia and fibula to the weight of foot bones is the ratio 3.9 : 1. It reveals that the ratio of upper limb bones to hand bones and the ratio of lower limb bones to foot bones are similar each other in weight.
According to this, the weights of hand bones and foot bones (including patella) are calculated on my cases VII and IX. Therefore the sum of Table 21 , 22 and 23 reveals the fresh weight of whole skeleton.
The ratio of the fresh weight of whole skeleton to the body weight is 8.5-14.6% (mean 12.3%) by Me c h a n i k, 15-23% by v.. Lie b i g, 20.4% by Ma t s u s h i m a. As the corpses are so lean, this ratio in a healthy body will actually drop to some extent. v) The relation of the weight between each bone of skeleton V o l k m a n n already attended to this point and reported that a. fixed relation of the weight would exist between each bone of skeleton. He thought that the weight of all other part of skeleton might be presumed from the weight of one voluntary bone and he took. the weight of radius as an unit and calculated the weight of residual bones.
I tried to do the same on my cases and compared my observations with Volk man n's and M e c h a n i k's data in thenext table. The weight of radius dextra=1
In the above-mentioned table, comparing with Mechani k's and Volk m an n's data, my observations coincide with them except thighbone which shows the lower ratio in my cases. I think that it depends upon the difference on the constitution between Japanese and foreigner.
In either case, like this, from the weight of one voluntary bone may be presumed the weight of all other part of .skeleton. § 2. On the weight of bone tissue Me c h a n i k postulated that the fresh weight of each bone -which especially contained abundant red marrow depended upon the volume of red marrow that itself was easily altered by the factor of age, and so he tried to get an actual weight of skeleton with observing the quantitative relation of bone tissue. On this occasion, the influences of sex, age, body weight and individuality must not -b e overlooked. Me c h a n i k reckoned the weight of bone tissue which was lost in the process of .maceration by the examination stuff from the diaphysis and corrected the fresh weight of bone tissue.
He also observed that the volume of bone tissue in skeleton was not so much till twenty years old and till 25-58 years old increased gradually but more than fifty-eight years old decreased. On sex difference, male exceeds female and it corresponds to 4.8-9.3% of the body weight.
N a g u r a (1932) measured the weight of the -b one substance from the anthropological standpoint and found out that the right upper limb bones were heavier than the left and the left lower limb bones exceeded the right in weight without distinction of sex. He also distinguished the human being from orangutang and gibbon, i.e., the relation of the weight between the limb bones was as follows ; Femur (Fe)> Tibia (T)> Humerus (H)> Ulna (U)> -Fib ula (Fi)> Radius (R) in the human being, H>Fe>R>U>T>Fi in orangutang, Fe H>T>R>U>Fi in gibbon. I measured the weight of bone tissue without correcting. I supposed that each bone would be evenly received the influence in the process of maceration.
1.) The rib
Like the fresh weight of bone, I presumed the total weight of bone tissue on each case according to the Table 9. di) The vertebra They are reckoned similarly according to the Table 10 . As mentioned above, if correcting is done, each weight will show more great number.
iii) The weight of whole bone tissue a) The weight except cranium, mandibula, patella, hand bones and foot bones on VII and IX cases sums to the next table reckoned  up from Table 7a , 7b, 8a, 8b, 11, 26 and 27. I presumed them in the same manner as the fresh weight of bone. When I measure the weight of bone marrow in fact, it is impossible to know correctly the absolute weight of it in direct method for various kinds of factors and accordingly there is no way else to measure indirectly the relative weight of it.
The methods used are as follows : (1) The method to measure the weight of the lost bone tissue in the process of maceration (M e c h a n i k). The above mentioned methods, except
(1), are fit for the smaller animals but are actually difficult to apply in man having greater skeletons. On the other hand, the specific gravity of bone marrow undergoes a change under some factors.
That of red marrow is usually more than 1,000 and heavier than fatty marrow.
The ratio of the volume of red and fatty marrow is different in the same bone and the consistency, stickiness and elasticity may change even in the physical condition.
In the comsumptive diseases as pulmonary tuberculosis and cancer the fatty marrow increases (M e c h a n i k). Red marrow is gradually displaced to fatty marrow (D i e t z). The weight of bone marrow depends upon the volume of marrow space being prone to change in age. According to this, T o p p i c h employed these facts in the subject of the porosity of bone and indicated the change in age in percentage.
From the absolute weight of bone, the volume of bone and the specific gravity of marrow free bone (= bone tissue) Table 31 . The weight of bone marrow (gm) can be calculated.
i) The absolute weight of bone marrow
From the fresh weight of bone the weight of bone tissue was subtracted and the remainder was taken as the weight of bone marrow.
The results of the calculations are shown in Table 31 . The parenthesized numbers in this table are presumptive. In VII and IX cases, the total weights of bone marrow are calculated. ii) The relation of the weight between each bone marrow of skeleton From Table 31 , like the fresh bone, I took the weight of bone marrow 'of radius as an unit and showed the relation between the weight of residual bone marrow as unit in Table 33. In this table, it is conspicuous in comparison with that of fresh bone that the number of each case is diverse in one bone and it thus appears doubtful that the weight of all other part of bone marrow may be calculated at once from the weight of one voluntary bone marrow like the fresh bone weight.
Nevertheless examining the means, I can understand the following matters, that is, (1) in the tubular bones ; the ratio of the bone having a large quantity of bone marrow like humerus, femur and tibia corresponds to about 1.4 times as much as the ratio of fresh bone and the ratio of the. bone having small rate of bone marrow space like ulna and fibula is corresponding to the ratio of fresh bone, (2) in the flat bones;: the ratio of the bone having greater rate of bone marrow space like vertebra and sacrum corresponds to two times as much as that of fresh bone and the ratio of the bone having smaller rate of bone. marrow space like os coxae corresponds to 1.6 times as much as , that of fresh bone. Especially sternum having the greatest rate. of bone marrow space corresponds to 2.5 times as much as the ratio. of fresh bone.
iii) The percentage of the weight of bone marrow to the fresh _ weight of bone in each bone
In order to observe more minutely the relation of the weight: of bone marrow to the total weight of each bone , it needs the knowledge of the rate of bone marrow in the fresh skeleton.
I have reckoned the above mentioned worth for each bone in all nine . corpses and arranged the results in Table 34 . In this table each case is arranged from left to right with advancing age and it appears that the change of the percentage is not distinct. at this stage of age, except IX case whose worth is higher because of an increase of relative bone marrow content with the physiological process of the bone resorption which begins on a definite age limit. If this is similarly applied with regard to the regions of skeleton , Table 34 , bone marrow content of the separate bone of an individual shows various percentage, namely the spongy bones show generally high percentage, especially sternum has the maximum and it lowers in the following order, sacrum, vertebra, os coxae and costa. In this respect it also agrees with Me c h a n i k (Table 40 , 40a and 41). This is related in one side with high rate of red bone marrow and in the other side with a little quantity of bone tissue (= bone substance).
On the other hand, in extremities the lower commonly hold more than the upper in percentage and this may be concerned with the size of bone.
In the next I tried to observe the rate of bone marrow weight to bone tissue weight. As compared with the data of M e c h a n i k, on the distribution of bone marrow spaces in VII case, the above results are obtained.
As the author already alluded to the differences on the constitution between Japanese and foreigner in the clause of the relation of the weight between each fresh skeleton, the distribution of bone marrow spaces also shows a racial characteristic ; the trunk in Japanese and the lower limbs in foreigner are higher.
Summary
I measured the weight of all bone marrow content of the whole skeleton of nine adult Japanese who were 23 to 45 years old, including two women.
The method of measurement depended upon the maceration, namely the determination of bone marrow weight was carried out by a method similar to that described by Me c h a n i k (1926) . I considered the bone marrow weight to be the weight of the bone lost in the process of maceration. 1) In the fresh bone weight of extremities, the right upper limbs and the left lower limbs are heavier than that of the opposite sides. The right excessiveness on upper limbs amounts to 4.68% and the left excessiveness on lower limbs amounts to 2.58%. 2) A fixed relation exists between the fresh weight of each bone of the skeleton. The weight of all other part of skeleton can be presumed from the weight of one voluntary bone. The weight of radius was taken as an unit. , 3) The bone marrow weights of whole body in a man of 31 years old, 43 kg of the body weight and in a woman of 45 years old, 37.5 kg of the body weight were calculated presumptively ; the former was about 2,000 gm. and the latter was about 2,300 gm.. The ratio of the bone marrow weight to the body weight was about 4.6% in male and about 6.1% in female.
Generally in adult mammals, the greater they are, the higher this percentage is. 4) Like the fresh weight of bone, from one voluntary bone marrow weight all the other bone marrow weights of the skeleton can be presumed.
In this case the unit corresponds to 1 to 1.4 times of the fresh weight in tubular bones and in spongy bones it corresponds to two times of the fresh weight. 5) In examining the ratio of bone marrow weight to bone tissue weight, in spongy bones the individual difference is very high so it is difficult generally to know the characteristic of age, but in tubular bones the individual differences increase with age. 6) It seems that the age characteristics appear about over forty. 7) Finally the sexual characteristic was not observed in any case.
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